Neuroprotective agents are becoming significant tools in the repair of central nervous system injuries. In this study, we determined whether ginkgolides (Gin，extract of GinkgoBiloba) and Acanthopanax senticosus saponins (ASS，flavonoids extracted from Acanthopanax herbal preparations) have protective effects on rat spinal cords exposed to anoxia and we explored the mechanisms that underlie the protective effects. Spinal motor neurons (SMNs) from rat spinal cords were obtained and divided into five groups with 10 wells in each group. In control group, SMNs suffered no injury under normal oxygen; in hypoxia-inducible (HI) group, SMNs suffered injury from hypoxia; in Gin group, 37.5μg/ml Gin were used before 24 hrs of hypoxia; in ASS group, 50μg/ml ASS were used before 24 hrs of hypoxia;in glial cell-lined derived neurotrophic factor (GDNF) group, 0.1μg/ml GDNF were used before 24 hrs of hypoxia. Changes in morphology, neuron viability, and lactate dehydrogenase (LDH) release were observed. In addition, the expression of HIF-1α induced by hypoxia was measured. The neuronal viability in the Gin, ASS, and GDNF pretreated groups was higher than that in the HI group ( P<0.05). The viability in the Gin group was better than that in the ASS group ( P<0.05), but there was no significant difference between the ASS and GDNF groups ( P>0.05). The quantity of LDH released in the three pretreated groups was lower than that in the HI group ( P<0.05). The expression of HIF-1α in the HI group was greater than that in the control group ( P<0.05), and the expression in the three pretreated groups was greater than that in the HI and the control groups ( P<0.05). Our results indicate that Gin and ASS which was not as effective as Gin, but its effects were similar to those of GNDF could all enhance the viability of SMNs and have protective effects on hypoxic neurons.
Introduction
Acute spinal cord injury remains a hard-to-cure disease. Apoptosis of neurons has been reported to occur after spinal cord injury. Thus, the main objective of neuroprotection is to delay or block apoptosis of neurons Beattie et al.,1997) .
Screening for neuroprotective agents and studies of their pharmacological mechanisms is becoming a research hot spot in the field of central nervous system injury repair. (Wu and Zhou,1999) . Acanthopanax senticosus saponins (ASS), which is a flavonoid preparation extracted from the Chinese medicinal herb Acanthopanax senticosus Harms, was reported to be protective to ischemic brain tissue (Wu and Zhou, 1999) . Gin and ASS also have been shown to protect the ischemic cerebral cortex neurons of embryonic rats by increasing SOD, decreasing MDA, and antagonizing the toxicity of excitatory amino acids (Jin et al.,2006) . Accordingly, Gin and ASS are presumed to be effective in curing acute spinal cord injury. Ischemia-hypoxia injury, which is caused by secondary injury after spinal cord injury in spinal tissue, has been shown to induce the expression of hypoxia-inducible factor 1 (HIF-1) in spinal tissue. This eukaryotic transcription factor is one of the key regulators of oxygen homeostasis, and it could affect the gene expression responsible for cell survival, growth, differentiation, and apoptosis. The activation of HIF-1 was considered to be the key component in cellular responses to hypoxia (Huang and Bunn,2003) .
The objective of this in vitro study was to survey the protective effects of Gin and ASS on spinal motor neurons (SMNs) from rat embryos with ischemia-hypoxia injury and to outline the possible mechanisms -including the activation of HIF-1-for their observed pharmacological effects.
Materials and Methods

Animals and reagents
This study was conducted at the Key Laboratory of Neural Regeneration of Jiangsu Province, Medical College of Nantong University, from March 2004 to May 2005. Gin was provided by China Pharmaceutical University, and ASS was provided by the Department of Organic Chemistry of Jilin University. Polylysine, trypsinase, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), and dimethyl sulphoxide were purchased from Sigma (St. Louis, MO, USA). Rabbit anti-mouse neuronal specific enolase (NSE) antibody and biotinylated goat anti-rabbit IgG were purchased from Beijing Zhongyuan Company (Beijing, P.R. China). Dulbecco's modified eagle medium (DMEM), fetal bovine serum (FBS), and glia cell-derived neurotrophic factor (GDNF) were purchased from Gibco BRL (Grand Island, NY, USA). Sprague-Dawley (SD) rats were provided by the Experimental Animal Centre of Nantong University (Nantong, Jiangsu Province, P.R. China). (Kuhn ,2003; Guigoni and Coulon,2002) .
Culturing of SMNs from rat embryos in vitro and staining characterization
Pregnant SD rats at 15 days of gestation were placed under ether anesthesia, and five embryos were removed under sterile conditions. The spinal cords of embryos were isolated, and the spinal cord anterior horn tissue from the ventral part of the spinal cord was dissected and digested in 0.25% trypsin (Sigma) and 1% collagenase (Sigma) at 37 °C. Spinal cord anterior horn cells were suspended in DMEM with 10% FBS and purified using the differential velocity adherent technique. Cells were centrifuged and resuspended in neurobasal medium, and the cell density was adjusted to 1 × 10 6 cells/mL. The cell suspension was incubated at 37 °C in a 5% CO 2 incubator, and the medium was changed twice per week.
Immunohistochemical staining for NSE was conducted as follows: Cells at 10 days of culture were fixed in 4% paraformaldehyde at room temperature, and 0.6% H 2 O 2 in methanol was added to quench endogenous peroxidase activity. The cells were incubated in 10% (v/v) normal sheep serum for 20 min and then incubated overnight at 4°C with rabbit anti-mouse NSE antibody (1:200).
Subsequently, the sections were incubated with biotinylated goat anti-rabbit IgG (1:200) followed by incubation with avidin-biotin peroxidase complex for 60 min. The enzyme reaction was developed using diaminobenzidine. The sections were dehydrated and cover slipped with Cytoseal, and cells were observed under a light microscope.
Establishing the model of ischemia-hypoxia injury (Romijn et al., 1988 ).
Ischemia-hypoxia injury was induced in SMNs that had been cultured for 7 days. The medium was changed to L-15  Control group: SMNs were cultured in normal conditions for 10 days.
 Hypoxia injury (HI) group: SMNs were incubated with 800 μl of 0.01 mol/L PBS (pH 7.2) for 24 hr before hypoxia injury was induced.
 Gin group: SMNs were preincubated with 800 μl of 37.5 μg/ml Gin 24 hr after being cultured in plates and 24 hr before hypoxia injury was induced.
 ASS group: SMNs were preincubated with 800 μl of 50 μg/ml ASS 24 h after being cultured in plates and 24 hr before hypoxia injury was induced.
 GDNF group (positive control group): SMNs were preincubated with 800 μl of 0.1 μg/ml GDNF 24 hr after being cultured in plates and 24 hr before hypoxia injury was induced.
Morphological observations
The status and morphological changes that occurred in SMNs cultured under different conditions were observed directly under an inverted microscope. For scanning electron microscope (SEM) analysis, SMNs were inoculated onto the cover glass slides for 10 days and then were fixed with 4% glutaraldehyde and washed in buffer, refixed in 1% buffer osmic acid, washed again in buffer, dehydrated in 100% acetonitrile, dried by vacuum, and sputter coated before observation under a JSM-T300 SEM (JEOL, Jap). 
Detection of HIF-1α protein expression of SMNs using SDS-PAGE and Western blotting
The proteins were extracted from each group and loaded onto an SDS-PAGE gel. Vertical slab gel electrophoresis was run, followed by transmembranal transport. The rabbit anti-mouse NSE antibody and biotinylated goat anti-rabbit antibody were added to the antigen-antibody reaction. SX-300 four Stars image analyzing equipment (Shanghai, P.R. China) was used to analyze the image after the reaction was developed, fixed, and scanned.
Statistical analysis
Data were expressed as mean ± SD, and the results were analyzed with SPSS 13.0 software. One-way ANOVA followed by a Scheffe test was used for intragroup comparison. P < 0.05 was considered to be significant.
Results
The growth state of SMNs and staining characterization
The connections between neurons, neurons, and non-neuronal cells (horizontal cells mainly) were observable when SMNs had been cultured for 10 days. Fibroblasts and neuroglia cells grew on the underlayer and neurons grew on the upper layer. After NSE immunohistochemical staining of SMNs cultured for 10 days, neurons were stained brown and the morphology could be observed clearly (Figure 1) . Thus, SMNs were cultured successfully using this method.
Figure 1:
Neurons were stained brown after the immunohistochemical staining (inverted microscope ×400).
Morphological observations of SMNs
Inverted microscope: The cultured neurons in the control group grew well and halos formed around them. The neurites were slender and neurite networks were developed ( Figure 2A ). In the HI group, the transmittance of the neurons decreased, the cells were crimped, neurites were broken, and the networks disappeared. Some cracked neurons and suspended dead cells were observed ( Figure 2B ). In the Gin ( Figure 2C ) and ASS groups, the morphology of the neurons was better than that in the HI group, and more neurites remained. However, some cellular necrosis and swelling were observed. The cellular morphology in the GDNF group ( Figure 2D ) was similar to that in the Gin and ASS groups.
SEM: Under the SEM, the cell bodies of SMNs cultured for 10 days in the control group were well stacked, the cellular membranes were smooth, and the neurites were thick ( Figure 3A) . In contrast, the neurons in the HI group were crimped or pierced and the neurites were broken or had disappeared ( Figure 3B ). In the Gin ( Figure 3C ) and ASS groups, the cell bodies of the neurons were smaller and the neurites were thinner and even broken in places compared to the control group.
TEM: TEM analysis revealed that the morphology of neurons in the control group was normal. Smooth nuclear membranes and a round or oval nucleus were apparent, chromatin and perinuclear cisterna were well distributed, and the nucleolus was easily visible. Moreover, the structures of the intracytoplasmic mitochondria and rough endoplasmic reticulum were clear and ribosomes were numerous ( Figure 3D ). In contrast, the cell bodies of neurons in the HI group were smaller A B
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http://dx.doi.org/10.4314/ajtcam.v9i2.8 and rounder. Some small introcessions in the nuclear membranes were present, and the neurites were broken or had disappeared. The cytoplasm was condensed, the mitochondria were swollen and vacuolated, the rough endoplasmic reticulum had expanded, and the chromatin was condensed ( Figure 3E ). In the Gin ( Figure 3F ), ASS, and GNDP groups (Fig. 3G) , the morphology of the neurons was much more normal than that in the HI group, and the cellular damage was lighter. Most of the nuclear chromatin was well distributed, and the ultramicrostructures of the cells were similar to those in the control group. The structures of mitochondria were clear and ribosomes were numerous. Table 1 shows the survival rate, LDH release, and HIF-1α expression of the SMNs used in this study. The D 570 of SMNs decreased significantly after hypoxia injury was induced, indicating that the survival rate of the cells in the HI group decreased notably compared to that of control group (P < 0.01). The D 570 s of the Gin, ASS, and GDNF groups were significantly higher than that in the HI group (P < 0.05), which indicated that Gin, ASS, and GDNF could improve the activities of SMNs significantly.
The effects of Gin and ASS on survival rate, LDH release, and HIF-1α expression of SMNs
Moreover, the effect of Gin was better than that of ASS (P < 0.05), and the effects of GDNF and ASS were much more similar (P > 0.05). The LDH release in the HI group was much higher than that in the control group (P < 0.01). The release of LDH in the Gin, ASS, and GDNF groups was lower than that in the HI group (P < 0.01). The effect of Gin was better than that of ASS (P < 0.05), and the effects of GDNF and ASS were not statistically different (P > 0.05).
Western blot analysis was conducted after the proteins of SMNs were extracted. There was no HIF-1α expression in the control group. The injury treatment induced HIF-1α expression of neurons in the injury group, and the levels of expression were The color of the cell nucleus was deepened, the nuclear membranes were not complete, the kytoplasm was condensed, and the rough endoplasmic reticulum was expanded (TEM ×6000). (F) The morphology of neurons pretreated with Gin under hypoxia: The nuclear membranes were complete, the kytoplasm was condensed slightly, and the rough endoplasmic reticulum was expanded slightly (TEM ×6000). (G) The morphology of neurons pretreated with GDNF under hypoxia: The nuclear membranes were complete; the kytoplasm was condensed slightly, and the rough endoplasmic reticulum was expanded slightly (TEM ×6000).
Discussion
With a better understanding of the molecular mechanism responsible for ischemia-hypoxia spinal cord injury, In this study, SMNs, which are sensitive to ischemia-hypoxia, were cultured in vitro. The pathological processes of neuronal injury in our ischemia-hypoxia injury model were similar with those reported for injury of spinal tissue under ischemia-hypoxia after clinical spinal cord injury. This model also could be used to study the pathogenesis of secondary injury in spinal tissue under early ischemia-hypoxia conditions and early drug intervention. GDNF, the cholinergic neurotrophic factor with the most specificity, could improve the activities, promote the differentiation, and enhance the metabolism of the SMNs (Chen et al.,2006) . For this reason, GDNF was chosen as the positive control in this study. HIF-1, which is one of the transcription factors and one of the key regulators of oxygen homeostasis in hypoxia injury for mammals and humans, could activate the expressions of various hypoxia-response genes (Oppenheim et al.,1995) . Therefore, the expression of HIP-1 in spinal tissue under ischemia-hypoxia injury was used to evaluate the degree of spinal cord injury and it's treatment.
In our study, the survival rate of SMNs with ischemia-hypoxia injury decreased significantly relative to that of the control, whereas the survival rate of cells in the Gin and ASS groups was significantly higher than that of the injury group. In the neurons treated with ischemia-hypoxia, the typical ultramicrostructure characteristic of apoptosis were visible under SEM and TEM:
The cell bodies of impaired neurons became smaller and rounder, the neurites were broken or had disappeared, microvilli were missing, the cytoplasm was condensed, the rough endoplasmic reticulum expanded, the cell membrane was vacuolated and pierced, the nucleus shrank, the nuclear membranes broke, and the chromatin condensed. However, the ultramicrostructures of the neurons treated with Gin, ASS, and GDNF were similar to those of the control group. These results revealed that Gin, ASS, and GDNF could protect neurons against apoptosis caused by ischemia-hypoxia injury and the protective effect of Gin was better than those of ASS and GDNF. The results of the LDH release experiment and Western blot analysis revealed that ischemia-hypoxia injury could induce HIF-1α expression of neurons, and this expression was enhanced when the neurons were pretreated with Gin, ASS, and GDNF. This result suggests that the mechanism of protection against ischemia-hypoxia injury for Gin and ASS might be related to enhancing stabilization of the neuron cellular membrane under ischemia-hypoxia injury and to the HIF-1α expression of neurons. Previous studies revealed that bonding of the antisense oligonucleotides of HIF-1α with the initiator codon upstream on the mRNA could interrupt the translation of proteins and thereby block HIF-1α expression (Bergeron et al.,2000; Qian et al.,2004) . Our results about
